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Observations  on  the  Morphology  and  Life- 
Cycle  of  Filaria  recondita  Grassi. 

(Received  for  publication  on  6th  October  I  922.) 


It  is  over  half  a  century  since  microfilaria  were  demonstrated  in  the 
general  circulation  of  man,  animals  and  birds,  and  this  has  given  rise  to 
a  good  deal  of  discussion  as  to  the  species  of  nematodes  which  are  the 
mature  forms  of  the  microfilariae.  A  few  of  the  mature  worms  have  been 
discovered  and  their  life-history  worked  out,  but  the  life-history  of  many 
others  has  not  been  published. 

A  dog  harbouring  microfilariae  in  its  general  circulation  came  under 
the  notice  of  the  writer  during  the  last  week  of  December  1921,  but 
unfortunately  the  dog  died  soon  after  and  the  chance  of  studying  these 
parasites  was  lost.  This  was  the  first  time  that  the  writer  found  micro- 
filariae in  the  blood  of  a  dog  in  the  hospital  of  the  Madras  Veterinary 
College.  In  the  month  of  January  1922,  another  case  of  "  filariasis  " 
was  found  and  every  opportunity  was  taken  for  making  observations. 
The  history  of  these  two  cases  showed  that  the  first  dog  was  brought  to 
Madras  from  Baluchistan  and  the  second  one  from  the  Punjab. 

Source  of  material.  Observations  were  made  on  the  few  cases  har- 
bouring microfilariae  among  the  in-patients  in  the  dog- ward  of  the  Madras 
Veterinary  College  Hospital.  From  December  1921  till  June  1922  seven 
cases  were  detected  out  of  299  dogs  admitted  as  in-patients  during  that 
period.  The  microfilariae  from  these  seven  different  cases  all  appeared 
to  be  the  same.  The  parasite  was  not  found  in  even  one  dog  out  of 
555  treated  as  out-patients  during  the  same  period.  The  writer  has 
had  neither  the  time  nor  facility  to  find  out  what  percentage  of  street 
dogs  in  Madras  harbour  these  parasites.  Lewis  says  that  he  found  as 
many  as  one  in  three  in  Calcutta  but  it  is  not  known  if  this  has  been 
confirmed. 

Description  of  the  microfilariae. 

In  a  drop  of  fresh  blood,  the  microfilariae  are  snake-like  organisms, 
long  and  fine,  almost  transparent,  but  when  viewed  with  a  high  power 
lens  a  granular  structure  enclosed  in  a  thin  transparent  cuticle  is  visible. 
This  is  best  seen  when  the  movements  of  the  embryo  are  slow.  They 
wriggle  about,  twist  and  untwist,  and  lash  the  blood  cells  near  them 
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with  their  posterior  ends.  They  often  coil  and  uncoil  like  an  earthworm 
attacked  by  ants.  Another  noticeable  feature  about  the  parasites  is  that 
they  make  long  excursions  in  the  drop  of  blood  on  the  slide,  but  as  often 
they  catch  hold  of  the  coyer  glass  by  their  anterior  extremities  and  remain 
fixed  for  a  long  time  while  their  bodies  wriggle  about  in  every  direction. 
This  characteristic  feature  agrees  with  the  description  of  Filaria  recondita 
or  Hcematozoon  lewisi,  given  by  Neumann  on  page  535  in  his  book. on 
"  Parasites "  (2nd  edition).  They  frequently  shoot  out  a  minute 
spine  from  the  cephalic  extremity  and  as  quickly  withdraw  it  once  in 
every  two  or  three  seconds.  This  movement  is  analogous  to  the  shoot- 
ing out  and  retracting  of  the  tongue  of  a  snake.  In  a  hanging  drop  of 
blood,  in  about  four  hours  after  making  it,  the  movements  of  the  micro- 
filariae slow  down  and  at  the  end  of  twenty -four  hours  they  are  all  more 
or  less  stretched  out  and  apparently  dead.  Even  at  this  stage  they  can 
be  stained  well  with  aniline  dyes.  These  microfilariae  are  not  enclosed 
in  a  sheath.  The  anterior  end  is  almost  the  same  or  a  trifle  smaller  in 
diameter  than  that  of  the  body.  The  cephalic  extremity  is  rounded  and 
does  not  contain  any  granules.  The  spine  which  often  shoots  out  from 
the  anterior  extremity  of  the  parasite  is  an  interesting  object.  It  is 
suggested  that  it  probably  plays  an  important  part  in  bombarding  and 
boring  through  the  tissues.  The  ability  of  the  worm  to  catch  hold  of  a 
surface  by  its  cephalic  extremity  further  renders  it  easy  to  concentrate 
the  bombardment  at  a  particular  point.  The  shooting  out  of  this  spine 
is  only  observed  in  fresh  blood  in  hanging  drops.  It  is  never  seen  in 
the  microfilarias  that  have  gained  entrance  to  the  thorax  of  a  mosquito. 
In  a  stained  specimen  the  granules  in  the  body  of  the  parasite  are  very 
well  seen,  and  also  three  breaks  in  their  continuity  are  brought  out  clearly. 
These  granules  are  larger  and  more  closely  packed  than  those  found  in 
Microfilaria  Bancrofti.  They  appear  to  be  arranged  spirally  and  not 
strewn  haphazardly.  The  breaks  in  the  granules,  excepting  the  first 
one — the  so-called  nerve  ring — are  not  visible  from  every  point  of  view. 
In  the  fresh  state,  the  transverse  striation  of  the  cuticle  is  not  well  seen, 
but  in  many  of  the  stained  specimens  it  is  brought  out  very  clearly 
(Figs.  1  and  2).  Manson  says  that  it  is  "probably  produced  by 
the  longitudinal  contraction  of  the  body  of  the  parasite  throwing  a 
very  delicate  and  but  slightly  elastic  cuticle  into  folds  like  the  bellows  of 
an  accordian."  My  observations  agree  with  this  and  it  seems  to  explain 
why  one  finds  so  much  difference  in  the  measurements  of  the  micro- 
filariae, those  showing  folds  always  measuring  les  than  those  without 
them.  Thinking  that  fixation  with  alcohol  caused  contraction,  I  allowed 
the  slides  to  .dry  in  the  air,  then  haemolysed  the  smear  with  distilled 
water  and  measured  the  microfilariae  while  it  was  still  wet.     There  was 
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still  the  same  difference  however.  One  can  very  well  compare  the  con- 
tiactile  movements  of  these  parasites  with  those  of  the  trunk  of  an 
elephant  when  it  shortens  its  trunk.  The  so-called  genital  cells  are 
visible  in  the  fresh  specimen,  but  are  not  well  marked  in  a  stained  one. 
Fiilleborn's  vital  staining  method  was  adopted  for  live  embryos  and  the 
stain  was  seen  to  diffuse  within  the  parasite  through  the  "  V  "  spot. 
This  seems  to  confirm  the  idea  that  the  "  V  "  spot  forms  part  of  a  rudi- 
mentary excretory  or  water  vascular  system.  The  posterior  end  gradu- 
ally tapers  to  a  fine  point.  The  granules  extend  almost  to  the  end  of 
the  tail. 

Measurements.  The  length  of  the  microfilariae  in  fixed  and  stained 
films  ranges  from  221  to  225  microns  and  the  breadth  from  4 J  to  5  [i. 
In  a  dry  and  unfixed  film  the  length  ranges  from  230  to  256  [x,  but 
the  breadth  remains  the  same  as  in  the  stained  films.  The  parasites 
can,  with  some  difficulty,  be  measured  when  they  are  alive,  but  the 
measurements  can  only  be  approximate.  The  five  specimens  are  found 
to  vary  from  230  to  270  (x  in  length  and  from  4J  to  5|  y.  in  breadth/ 
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Neumann,  quoting  other  workers,  says  that  the  length  of  H.  lewisi  is 
280  (x  and  breadth  5  \i. 

Viability.  In  a  hanging  drop  preparation  taken  with  precaution  to 
ensure  sterility,  and  kept  at  room  temperature,  the  microfilariae  which 
were  very  active  at  first  were  found  at  the  end  of  twenty-four  hours 
apparently  dead,  only  a  couple  of  them  were  seen  to  move  a  little  twelve 
hours  later.  *A  few  hanging  drop  preparations  were  kept  in  the  incu- 
bator at  37°  C,  and  a  few  in  a  tin  box  in  ice.  In  those  kept  in  the  incu- 
bator all  the  microfilaria?  were  dead  at  the  end  of  sixteen  hours,  but 
those  in  the  other  drops  kept  on  ice  were  active,  but  lived  only  48  hours. 
According  to  Gruby  and  Delafond,  H.  lewisi  could  still  live  and  be  vivaci- 
ous after  ten  days  in  blood  kept  at  15°  C.  (Neumann's  "  Parasites," 
p.  536,  2nd  edition.) 

Periodicity.  From  the  accompanying  chart  it  will  be  noted  that  the 
parasites  appear  in  large  numbers  in  the  blood  stream  during  a  certain 
period  in  the  twenty-four  hours  of  the  day.  Diurnal  examination  rarely 
revealed  the  microfilariae  in  the  blood  and  when  encountered  only  one 
or  two  were  found.  They  increased  after  7  p.m.  and  they  were  swarming 
in  the  blood  after  midnight  and  remained  so  till  about  8  a.m.  A  most 
interesting  point  is  that  the  number  of  parasites  in  the  peripheral  circu- 
lation is  greater  than  is  usual  at  mid-day  if  the  dog  is  kept  in  a  dark 
room  during  the  whole  day.  Exposure  to  the  sun  or  exercise  reduces 
the  number  of  microfilariae  in  the  peripheral  circulation. 

Enumeration  of  microfilariae  in  the  various  organs  of  the  body. 

The  largest  number  of  microfilariae  were  seen  in  the  blood  squeezed 
out  of  the  lungs,  the  liver  stands  second,  the  kidneys  stand  third  and  the 
glands  and  spleen  come  last.  The  arteries  and  veins  of  the  brain  con- 
tained almost  the  same  number  as  found  in  the  drop  of  blood  from  the 
kidneys.  The  urine  of  every  case  harbouring  these  parasites  was  centri- 
fuged  and  examined,  always  with  negative  results.  Manson  says  that 
in  the  human  being  the  largest  number  of  microfilariae  were  found  in  the 
sections  of  lungs,  but  in  the  dog  the  largest  number  were  found  in  the 
sections  of  the  liver.  (Fig.  4.)  In  these  sections  they  were  found  in 
the  capillary  spaces.  Taking  into  consideration  the  habit  of  these 
microfilariae  in  clinging  to  a  cover  glass  in  a  hanging  drop  of  blood  there 
seems  to  be  every  likelihood  of  the  capillaries  being  blocked  by  them, 
especially  if  a  few  of  them  become  entangled  to  form  a  plug.  Bivolta 
is  therefore  right,  perhaps,  in  stating  that  these  parasites  do  block  up 
capillaries,  but  Neumann  says  that  it  is  improbable  that  the  embryos 
exercise  an  embolic  action  because  of  their  small  size. 
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Post-mortem  examination  and  morbid  anatomy. 

Three  post-mortem  examinations  were  made  on  dogs  which  had  har- 
boured this  parasite  and  the  changes  observed  were  similar  in  each  of 
them.  All  the  internal  organs  were  anaemic.  There  was  a  certain  amount 
of  dilatation  of  both  sides  of  the  heart.  -  The  liver  was  enlarged  and 
showed  on  the  surface  whitish  areas  varying  from  the  size  of  a  mustard 
seed  to  the  size  of  a  walnut.  On  section  similar  areas  were  also  found 
in  the  interior  of  the  liver  as  well.  The  picture  of  the  liver  was  exactly 
like  the  one  illustrating  "  Infraction  of  the  liver  "  given  in  the  "  Text- 
book of  Pathology  "  by  Delafield  and  Prudden.  Microscopical  examina- 
tion of  sections  showed  large  areas  of  caseation  surrounded  by  a  zone  of 
congestion.  The  caseated  portions  were  also  surrounded  by  a  well- 
marked  zone  composed  of  fibro-blastic  tissue.  In  the  other  portions  of 
the  liver  the  central  veins  were  dilated  showing  chronic  venous  conges- 
tion.   Pigment  granules  in  the  cells  were  also  seen  here  and  there. 

The  spleen  was  considerably  enlarged,  the  kidneys  were  pale  and 
larger  than  normal.  The  microscopical  examination  of  a  section  of  the 
kidney  showed  degeneration  involving  the  parenchymatous  tissue.  The 
interstitial  substance  showed  proliferation  though  not  to  a  marked  extent. 
Leucocytic  infiltration  was  also  seen  in  the  interstitial  tissue.  The  sub- 
lumbar  lymphatic  glands  were  much  enlarged — each  was  almost  the 
size  of  a  small  orange.  On  section  the  glands  were  pink  in  colour  and 
showed  a  few  haemorrhages. 

Microscopical  examination  of  sections  showed  hyperplasia  and  in 
some  places  caseation.  The  large  blood  vessels  of  the  body  did  not 
show  much  change  excepting  a  slight  increase  of  thickness  in  the  fibrous 
coat. 

Intermediary  host.  With  due  respect  to  the  work  of  eminent  scientists 
like  Grassi,  I  venture  to  suggest  that  the  development  of  Hcematozooti 
lewisi  of  the  dog  takes  place  in  the  mosquito  Culex  fatigans.  Near  the 
kennels,  where  one  of  these  dogs  harbouring  H.  lewisi  was  kept,  a  few 
mosquitos — Culex  and  Stegomyia — were  caught  and  dissected.  Over 
30  per  cent,  of  the  Culex  mosquitos  contained  microfilariae  in  their  midgut, 
but  very  few  of  the  Stegomyia  showed  them,  and  then  only  in  very  small 
numbers.  The  number  in  the  Culex  mosquitos  ranged  from  one  to 
fifty-five  in  each.  No  time  was  lost  in  breeding  these  two  varieties  of 
mosquitos  and  experimenting  with  them  in  an  attempt  to  settle  the 
question  as  to  whether  the  microfilariae  they  contained  were  from  man, 
other  animals  or  birds.  A  large  number  of  each  of  these  home-bred 
mosquitos  were  made  to  bite  a  dog  harbouring  these  parasites  and  then 
the  mosquitos  were  kept  alive  by  feeding  them  on  plantain  juice,  which 
they  seem  to  like  very  much  and  thrive  on.  A  few  of  these  mosquitos 
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were  diVsected  daily  for  nearly  three  weeks.  By  the  end  of  that  time 
the  Stegomijia  did  not  show  developmental  forms  and  were  discarded. 

Three  hours  after  biting  the  dog  a  couple  of  Culex  mosquitos  were 
dissected  and  their  midgut  was  crushed  in  normal  saline  solution  on  a 
slide  and  observed  under  a  microscope.  The  embryos  they  contained 
resembled  those  seen  in  the  peripheral  blood  of  the  dog  (Fig.  8) 
but  they  were  sluggish  m  movement  and  seemed  to  have  given  up 
the  habit  of  catching  hold  of  the  cover  glass  with  their  cephalic  extre- 
mities. This  is  probably  because  they  were  surrounded  by  thickened 
blood.  A  few  of  these  shot  out  spines  and  retracted  them  as  quickly  as 
they  do  in  dog's  blood.  Eight  hours  after  feeding,  the  microfilariae  in 
the  mosquitos5  midgut  looked  stouter  though  not  longer  than  the  ones 
found  in  the  circulation.  (Fig.  7.)  The  cutaneous  covering  of 
the  body  looked  thickened  and  when  the  embryo  bent  on  itself  the  inner 
curve  folded  up  with  a  dent  analogous  to  the  one  found  in  a  partly  in- 
flated inner  tube  of  a  bicycle  when  folded  on  itself,  and  when  the  parasite 
straightened  the  dent  jerked  out  straight.  After  36  to  48  hours  all  of 
them  had  disappeared  from  the  midgut  and  had  migrated  into  the  thoracic 
muscles  of  the  mosquitos.  There  they  lay  between  and  parallel  to  the 
muscle  fibres.  Seven  to  nine  days  after  biting  the  dog,  the  thoracic 
muscles  of  the  mosquito  contained  short  thick  "  larval  "  forms  with  a 
short  prolongation  at  one  end.  Occasionally  this  prolongation  or  "  tail  " 
of  the  larva  moved  to  and  fro  rapidly.  The  movements  of  the  larva 
itself  were  very  slow.  It  bent  on  itself  and  straightened  in  moving 
forwards.  The  cells  in  its  interior  were  arranged  in  two  rows.  I  found 
only  9  per  cent,  of  the  mosquitos  experimented  with  showing  the  develop- 
mental forms  in  their  muscles.     (Figs.  9,  10  and  11.) 


Measurement  {in  micron)  of  microfilaria  in  the  gut  of  mosquito  8  hours 

after  feeding. 


— 

I 

II 

III 

IV 

V 

Head  end  to  nerve  ring 
Nerve  ring  to  "  V  "  spot      . 
"  V  "  spot  to  tail  spot 
Tail  spot  to  end  of  tail 

40 
32 

100 

80 

38 
34 
96 

84 

42 
34 
96 

82 

40 
32 

102 

80 

40 

'    30 

100 

84 

Total  length     . 

252 

252 

254 

254 

254 

The  breadth  varied  from  5|  y.  to  6i  (x. 

On  the  15th  day  in  the  mouth  of  one  mosquito,  out  of  the  six  dis- 
sected, two  long  larvae,  each  with  a  rudimentary  alimentary  canal  extre- 
mity, were  found.     Each  resembled  very  closely  the  illustration  shown 
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in  the  book  on  "  Tropical  Diseases,"  by  Sir  Patrick  Manson  in  connection 
with  human  filariasis.  They  were  about  half  a  millimeter  in  length. 
These  forms  were  unfortunately  lost  while  trying  to  stain  them.  Sections 
of  a  large  number  of  other  mosquitos  which  had  been  fed  on  an  infected 
dog  were  also  cut  and  examined  after  staining  them.  The  larvae  in 
sections  or  in  saline  solution  were  difficult  objects  for  photography, 
because  it  was  not  very  easy  to  focus  the  whole  larva  in  thick  sections, 
nor  was  it  easy  to  focus  an  almost  transparent  object  in  saline  solution 
with  the  improvised  apparatus  I  had  for  the  work.  Many  workers 
have  pointed  out  that  the  developed  larvae  migrate  towards  the  head  of 
the  mosquito  and  after  reaching  it  remain  coiled  up  inside  the  root  of 
the  proboscis,  under  the  cephalic  glands  or  they  may  even  find  their 
way  into  the  labium.  Labredo's  method  of  subjecting  the  head  of  a 
live  mosquito  to  pressure  in  normal  saline  solution  was  followed,  and  it 
was  observed  that  the  larvae  being  dealt  with  escaped  from  the  labium 
and  also  from  near  the  root  of  the  proboscis.  In  the  accompanying 
photograph  of  the  head  of  a  mosquito  I  saw  two  larvae  escaping  from  a 
breach  in  the  labium,  one  of  which  escaped  altogether  and  the  other 
remained  as  seen  in  the  photograph.  This  mosquito  had  been  fed  on 
an  infected  dog  17  days  previously  (Fig.  12). 

Concluding  remarks. 

The  blood  of  many  dogs  brought  to  the  College  Hospital  for  treatment 
had  been  examined  for  various  diseases  prior  to  December  1921,  but 
no  cases  of  filariasis  were  detected  until  then.  Except  the  first  two  cases, 
the  others  occurred  in  dogs  that  were  brought  to  the  hospital  for  other 
reasons  and  kept  in  contact  with  the  first  two  cases  for  periods  varying 
from  a  fortnight  to  a  month.  It  seems  feasible,  therefore,  to  suppose 
that  these  five  cases  acquired  the -parasite  after  their  admission  into  the 
hospital,  and  my  observations  lead  me  to  believe  that  they  did  this 
through  the  agency  of  Culex  mosquitos. 

Grassi  and  Calendruccio  say  that  they  found  the  embryos  of  H.  lewisi 
in  the  dog  flea,  cat  flea,  Pulex  irritans  and  even  in  the  tick  R.  sanguineus. 
This,  I  believe,  has  not  been  confirmed  by  other  workers.  I  have  dis- 
sected and  sectioned  many  dog  fleas  collected  from  the  infected  dogs, 
but  I  did  not  find  anything  resembling  the  development  forms  of  H.  lewisi 
in  them.  It  is  possible,  of  course,  for  many  blood-sucking  parasites  to- 
ingest  these  microfilariae,  but  they  may  not  develop  in  all  of  them. 

I  take  this  opportunity  of  thanking  Mr.  J.  G.  Cattell,  M.K.C.V.S., 
D.V.S.M.,.who  was  then  in  charge  of  the  College  Laboratory,  for  so  very 
kindly  giving  me  valuable  hints  and  encouragement. 


Explanation  of  figures. 

Fig.  1.  Filaria  recondita  Grassi  in  the  peripheral  circulation.  Note  tho  spiral 
arrangement  of  the  granules,  clearly  seen  at  the  head.  Note  the  striation  at  the  tail. 
X  850. 

Fig.  2.  Filaria  recondita.  Note  the  striation  at  the  tail,  nerve  ring,  and  tail 
spot,     x  850. 

Fig.  3.  Section  of  the  liver  showing  necrosis,  caseation  and  degeneration  of  liver 
cells. 

Fig.  4.  Section  of  the  liver  showing  a  microfilaria  in  the  capillary  space.  A 
portion  of  the  parasite  is  seen.  Note  the  granular  changes  in  the  protoplasm  of  the 
liver  cells,     x  050. 

Fig.  5.  Section  of  the  kidney  showing  degeneration  of  the  glomeruli,  catarrhal 
changes  in  the  tubules  and  cell  infiltration  in  the  fibrous  tissue. 

Fig.  6.  Section  of  the  lymphatic  gland  showing  caseation  and  proliferation  of 
fibrous  tissue. 

Fig.  7.  Microfilaria  from  the  gut  of  a  mosquito  eight  hours  after  feeding.     X  850. 

Fig.  8.  Microfilaria  from  the  gut  of  a  mosquito  three  hours  after  feeding.  The 
parasite  shows  striation  at  the  tail  end  though  not  well  marked  in  the  photograph. 
X  550. 

Fig.  9.  Larva  from  a  teased  thoracic  muscle  of  the  mosquito  in  normal  saline 
solution. 

Fig.  10.  Larva}  in  the  section  of  the  thoracic  muscle  of  a  mosquito  seven  days 
after  feeding,     x  850. 

Fig.  11.  Larva  in  the   thoracic   muscles  of  a  mosquito  twelve  days  after  feeding. 
X  850. 

Fig.  12.  Head  and  proboscis  of  a  Culex  mosquito  showing  larvae  of  F.  recondita  ; 
one  has  almost  come  out  of  tho  labium  and  another  from  near  tho  base  of  the  pro- 
boscis. The  latter  is  damaged  a  little.  The  mpsquito  was  fed  on  an  infected  dog  seventeen 
days  previously,     x  350. 
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No.  101.     Some  Insects  recently  noted  as  Injurious  in  South  India,  bj  T.  V.  Ramakrishna  Ayyab, 

b.a.,  f.e.s.,  f  z.s.    Price,  As.  8. 
No.  102.    Borers  in  Sugarcane,  Rice,  etc,  by  T.  Bainbrigge  Fletcher,  r.n.,  f.l.s.,  f.e.s.,  f.z.s., 

and  C.  C.  Ghosh,  b.a.     Price,  R.  1. 
No    103.     Some  Indian  Economio  Aleyrodidse,  by  C.  S.  Misra,  b.a.     Price,  As.  8. 
No.  104.    The  Rice  Leaf-hoppers,  by  C.  S.  Misra,  b.a.    Price,  As.  6. 
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BULLETINS  ISSUED  BY  THE  AGRICULTURAL  RESEARCH  INSTITUTE, 

PUS  A— cantd. 

No.  105.    Cotton  Bollworms  in  India,  by  T.  Bainbrigge  Fletcher,  r.n.,  f.l.s.,  p.e.s.,  p.z.s.,  and 

C.  S.  Misra,  b.a.     Price,  As.  8. 
No.  106.    The  Pink  Bollworm  in  Egypt,  by  Lewis  H.  Gough,  Ph.D.,  f.e.s.     Price,  R.  1. 
No.  107.     Experiments  in  Egypt  on  the  Survival  of  the  Pink  Bollworms  (resting  state  larvae)  in  Ripe 

Damaged  Cotton  Bolls  buried  at  different  depths,  by  F.  C.  Willcocks.     Price,  As.  5. 
No.  108.    Some  Pests  of  Cotton  in  North  Bihar,  by  C.  S.  Misra^  b.a.     Price,  As.  6. 
No.  109.    Tukra  Disease  of  Mulberry,  by  C.  S.  Misra,  b.a.     Pri^e,  As.  4. 
No.  110     The  Preservation  of  Wood  against  Termites,  by  T.  Bainbrigge  Fletcher,  r.n.,  f.l.s., 

f.e.s.,  p.z.s.,  and  C.  C.  Ghosh,  b.a.    Price,  As.  3. 
No.  111.    Stored  Grain  Pests,  by  T.  Bainbrigge  Fletcher,  r.n.,  f.l.s.,  f.f.s.,  f.z.s,,  and  C.  C. 

Ghosh,  b.a.    Price,  As.  14. 
No.  112.     Notes  on  Rearing  Insects  in  Hot  Climates,  by  T.  Bainbrigge  Fletcher,  r.n.,  f.l.s  , 

f.e.s.,  f.z.s.,  and  C.  C.  Ghosh,  b.a.     Prise,  As.  7. 
No.  113.    Hints  on  Collecting  and  Preserving  Insects,  by  T.  Bainbrigge  Fletcher,  r.n.,  f.l.s., 

f.e.s.,  f.z.s.    Price,  As.  10. 
No.  114.    The   Preparation   and   Reproduction    of   Scientific   Illustrations,    by     A.     W.     Slater, 

Price,  As.  4. 
No.  115.    Note  on  Plant  Imports  into  India,  by  T.  Bainbrigge  Fletcher,  r.n.,  f.l.s.,  f.e.s.,  f.z.s. 

Price,  As.  7. 
No.  116.     A  Survey  of  the  Indian  Poppy-growing  Districts  for  Morphine  Content  of  the  Opium  pro- 
duced, by  H.  E.  Annett,  d.sc  (Lond.),  f.i.c,  m.se.a.c,  Hari  Das  Sen,  m.sc,  and 
Har  Dayal  Singh,  b.sc.    Price,  As.  2. 
No.  117.    Experiments  with  Castor  Seed  Conducted    at    Sabour,    by    C.    Somers    Taylor,    b.a. 

Price,  As.  3. 
No.  118.    The  Saving  of  Irrigation  Water  in  Wheat  Growing,  by  Albert  Howard,  c.i.e,,  m.a.,  and 

Gabrielle  L.  C.  Howard,  m.a.     Price,  As.  4. 
No.  119.    The  Agricultural  Development  of  Baluchistan,    by  Albert  Howard,  c.i.e.,  m.a.,  and 

Gabrielle  L.  C.  Howard,  m.a.    Price,  As.  6. 
No.  120.    The  Serum  Simultaneous  Method  of  Inoculation  against  Rinderpest,  by  W.  A.  Pool, 

m.r.c.v.s.     Price,  As.  2.     {Out  of 'print.) 
No.  121.    Notes  on  Contagious  Abortion  in  Pony  and  Donkey  Mares,  by  R.  Branford,  m.r.c.v.s., 

and  T.  M.  Doyle,  f.r.c.v.s.     Price,  As.  5. 
No.  122.     Pusa  12  and  Pusa  4  in  the  Central  Circle  of  the  United  Provinces,  by  B.  C.  Burt,  m.b.e., 
b.sc,  f.c.s.,  Albert    Howard,    c.i.e.,   m.a.,   and   Gabrielle  L.  C.    Howard,   m.a. 
Price,  As.  11. 
No.  123.    The    Bundelkhand  Cottons.     Experiments  in  their  Improvement  by  Pure  Line  Selection, 

by    B.  C.  Burt,  m.b.e.,  b.sc,  f.c.s.,  and  Nizamuddin  Haider.    Price,  As.  4. 
No.  124.     Safflower  Oil,  by  Albert  Howard,  c.i.e.,  m.a.,  and  J.  Stewart  Remington.    Price,  As.  4. 
No.  125.    The    Weevil  Fauna  of  South  India  with  special  reference  to  species  of  Economic  Import- 
ance,   by  T.  V.  Ramakrishna  Ayyar,  b.a.,  f.e.s.,  f.z.s.     Price,  R.  1-4. 
No.  126.     Cawnpore- American   Cotton,     II.     Further  Field  Trials   (1918-20),   Spinning   Trials   and 

Market  Organization,  by  B.  C.  Burt,  m.b.e.,  b.sc,  f.c.s.     Price,  As.  4. 
No.  127.     The  Coconut  Bleeding  Disease,  by  S.  Sunderaraman,  m.a.     Price,  As.  8. 
No.  128.    Helminthosporium  Disease  of  Paddy,  by  S.  Sunderaraman,  m.a.    Price,  As.  9. 
No.  129.     The  Preparation  of  Anti-rinderpest  Serum  using  Animals  of  moderate  susceptibility  as 

Virus  Producers,  by  W.  A.  Pool,  m.r.c.v.s.,  and  T.  M.  Doyle,  f.r.c.v.s.     Price,  As.  12. 
No.  130.    Feeding  Experiments  at  Government  Cattle  Farm,  Hissar,  by  R.  Branford,  m.r.c.v.s., 

and  E.  Sewell,  m.c,  m.r.c.v.s.    Price,  As.  3. 
No.  131.    An  Entomologist's  Crop  Pest  Calendar  for  the  Madras  Presidency,  by  T.  V.  Ramakrishna 

Ayyar,  b.a.,  f.e.s.,  f.z.s.    Price,  As.  2. 
No.  132     Report  of  Campaign  against  Spodoptera  mauritia,  Boisd.    (Noctuidce)  in  Malabar,  by  E. 

Ballard,  b.a.,  f.e.s.    Price,  As.  2. 
No.  133.     Results  of  Investigation  of  Bionomics  of  Platyedra  gossypiella,  Saunders,  in  South  India, 
together  with  some  notes  on  Earias  insulana  and  E.  fabia,  by  E.  Ballard,  b.a.,  f.e.s. 
Price,  As.  5. 
No.  134.     Supplementary  Observations  on   Borers  in  Sugarcane,  Rice,  etc,  by  C.  C.  Ghosh,  b.a 

Price,  As.  6. 
No.  135.    Some  Observations  on  the  Control  of  Field  Rats  in  the  Punjab,  by  M.  A.   Hussain,  m.a., 
and  Hem  Singh  Pruthi,  m.sc    Price,  A.  1.    (Out  of  print.) 


BULLETINS  ISSUED  BY  THE    AGRICULTURAL    RESEARCH  INSTITUTE, 

PUSA— concld. 

No.  136.    The  Hydrogen  Ion  Concentrations  of  some  Indian  Soils  and  Plant  Juices,    by  W.  R   G 

Atkins,  o.b.e.,  so.d.,  f.i.o.    Price.  As.  4. 
No.  137.    Note  on  the  Probability  of  an  Intor-rolation  between  the  length  of  the  Stigma  and  that  of 
isr.    iqQ     m  %°  J     %  lV°m0-  f°r-ma  of  *h?,gonus  Qossypium,  by  Ram  Prasad.     Price,  As.  4. 
No.  138.    Methods   oi   Examination   of   Certain   Characters   in   Cotton,    by   G.   R.    Hilson,  b.so. 

No.  139.    List  of  Publications  of  Indian  Entomology,  1920-21  (compiled  by  the  Imperial  Entomo- 

logist).     Price,  R.  1. 
No.  140.    The  Determination  of  Prussia  Acid  in  Burma  Beans    (Pha-seolua    lunatu?)    (Preliminary 

Note),  by  J.  Charlton,  b.so.    Price,  As.  3.  y 

No.  141.    Comparative  Manurial  Value  of  the  whole  Plants  and  the  different  parts  of  Groen  Manures 
xt      ,,«  by  N.  V.  Joshi,  b.a.,  m.so„  L.Ag.     Price,  As.  6. 

No.  142.    The  Cultivation  of  Lao  in  the  Plains  of  India,  by  0.  S.  Misra,  b.a.    Price,  R.  1-8 
\t°'  \a*'     5?r  (ZlzMhus Muba)  Fruit  and  its  Fly  Pest,  by  J.  L.  Khare,  f.b.s.     Price     \ 
No.   144.     Observations  on  the  Morphology  and  Life-cycle  of  Filar ia  recondlta  Grassi,  by 

Narayan  Rao.     Price,  As.  6.  J  ^a*» 

No.   145.     Some  Observations  on  the  Barren  Soils  of  Lower  Bari  Doab  Colony  in  the   Puniab    bv  8 

M.  Nasir.      Price,  As.  3. 


INDIGO  PUBUCATIONS 

No.  9.    The  Nature  of  the  Changes  Occurring  during  the  Extraotion  of  Indigo  from  the  Java  Plant 

xt      n         {Inhgofera  arrecta),  by  W.  A.  Davis,  b.so.,  a.o.g.i.     Price,  R.  1. 

No.  10.    Note  on  the  Deterioration  of  Indigo  Seed  during  Storing,  by  Major  W.  R.  G.  Atkins,  3-.d., 

p.i.0.      Price,  Af.  3. 
No.  II.    The  Nature  of  Changes  Occurring  in  the  Indigo  Steeping  Vat,  by  W.  A.  Davis,  b.sc.,  a.o.o.  i. 

Price,  R.  1-10. 


BOOKS 

Wheat  in  India,  by  Albert  Howard,  m.a.,  a.r.o.s.,  f.l.s.  ;  and  GU»mhllh  L.  0.   Howard,    m.a. 

288  pp.    Price,  Rs.  5  or  la.  6d. 
A  Description  of  the  Imperial  Bacteriological   Laboratory,  Muktesar  :  Its    Work  and  Produoti,  by 

Major  J.  D.  E.  Holmes,  m.a.,  d.sc,  m.r.o.v.s.    Price,  As.  8  or  9d. 
Agriculture  in  India,  by  James  Mackenna,  m.a.,  i.o.s.    Price,  As.  4  or  5d. 
Some  Diseases  of  Cattle  in  India.    A  Handbook  for  Stosk-owners.    Price,  Ai.  8  or  Od. 
The  Importance  of  Bacterial  Aotion  in   Indigo  manufacture,  by  0.  M.    Hutchinson,    b.a.    Price, 

As.  2  or  3d. 
Report  on  the  Diseases  of  Silkworms  in  India,  by  A.  Prinole  Jameson,  d.sc.    Pric 
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